[1] The analysis of rock anisotropy revealed by seismic waves provides fundamental 6 constraints on stress-strain field in the lithosphere and asthenosphere. Nevertheless, the 7 anisotropic models resolved for the crust and the upper mantle using seismic waves sometimes 8 show substantial discrepancies depending on the type of data analyzed. In particular, at 9 several permanent stations located in Africa, previous studies revealed that the observations 10 of SKS splitting are accounted for by models with a single and homogeneous anisotropic 11 layer whereas 3-D tomographic models derived from surface waves exhibit clear anisotropic 12 stratification. Here we tackle the issue of depth-dependent anisotropy by performing joint 13 inversion of receiver functions (RF) and SKS waveforms at four permanent broadband 14 stations along the East African Rift System (EARS) and also on the Congo Craton. For 15 three out of the four stations studied, stratified models allow for the best fit of the data. The 16 vertical variations in the anisotropic pattern show interesting correlations with changes in 17 the thermomechanical state of the mantle associated with the lithosphere-asthenosphere 18 transition and with the presence of hot mantle beneath the Afar region and beneath the EARS 19 branches that surround the Tanzanian Craton. Our interpretation is consistent with the 20 conclusion of earlier studies that suggest that beneath individual stations, multiple sources of 21 anisotropy, chiefly olivine lattice preferred orientation and melt pocket shape preferred 22 orientation in our case, exist at different depths. Our study further emphasizes that multiple 23 layers of anisotropy must often be considered to obtain realistic models of the crust and upper 24 mantle.
. Tectonic map of the region under study. The dashed lines indicate the boundaries of the East African Rift System (EARS) and the trend of the oceanic rifts in the Red Sea and in the Aden Gulf. To the south, the EARS splits into a western and an eastern branch that surround the Tanzanian Craton. The red circles are estimates of the position of the Afar, Darfur, and Victoria hot spots. The white arrows indicate the local direction of local absolute plate motion from no net rotation model NUVEL-1 (black contour) and HS3-NUVEL-1A (gray contour). The thick dark grey and thin light grey bars show available A and B quality estimates of the direction of the maximum horizontal compressive stress (MHCS), respectively [Heidbach et al., 2008] . The colored bars at each individual station indicate the direction of the fast axis propagation in the distinct layers. The color of these bars represents the depth of the top of each layer, and their length is scaled by their thickness (see legend for scale). Only the anisotropic layers that are robustly constrained are shown (see Table 1 ). A-ranked and B-ranked layers are shown using bars with solid and dashed contours, respectively. A r t i c l e i n P r o o f 117 least an anisotropic medium leads the converted shear wave 118 to have energy on both the Q and the T component. The way 119 the resulting waveform, polarity and time arrival of those 120 phases varies is a function of the back azimuth of the 121 incoming seismic ray [Keith and Crampin, 1977 ; Savage, 122 1998; Levin and Park, 1998 ]. Nearly homogeneous 123 azimuthal sampling is required to observe properly those 124 variations. Therefore to warrant robust anisotropic models 125 we limited our study to permanent stations, for they have 126 a low intrinsic level of noise and several years of recording. 127 We analyzed the data set of ATD (Arta Tunel, Djibouti, 128 Geoscope, 15 years of data) in the Afar region, KMBO 129 (Kilima Mbogo, Kenya, IRIS/USGS-GSN-GEOFON, 130 13 years of data) and MBAR (Mbarara, Uganda, IRIS/IDA-131 GSN, 9 years of data) close to the EARS and BGCA (Bogion, 132 Central African Republic, AFTAC/USGS-GTSN, 8 years of 133 data) on the Congo Craton. The azimuthal coverage achieved 134 in this study is illustrated in Figure 2. 135 2.1. Receiver Functions Preprocessing 136 [7] Receiver functions were calculated using P and PP 137 waves recorded at epicentral distances between 30°and 130°. 138 Seismograms are low-pass filtered with 0.2 Hz corner fre-139 quency, rotated into L (P), Q (SV) and T(SH) directions to 140 separate converted waves from the direct P wave. The L 141 component is then deconvolved from the Q and T component 142 using a time domain deconvolution [Vinnik, 1977] . If several 143 teleseismic waves arrive at a given seismic station broadly 144 from the same direction, they sample a similar region of the 145 receiver side. Therefore, with a view to enhancing the signal-146 to-noise ratio, individual receiver functions with close back 147 azimuth are stacked into 20°wide azimuthal bins. The 148 number of individual RF in each bin is displayed in Figure 3 . 149 We obtained our RF data set using P waves with a wide range 150 of ray parameters. Therefore, the converted and reflected 151 phases that make up the P coda are expected to exhibit some 152 moveout. Nevertheless, using periods larger than 5s as done 153 in this study, this effect is expected to be small in the first 25s 154 of the RF that we use to constrain our models. We visually 155 inspect all the RF and select only those that are similar to each 156 other before stacking them.
157
[8] As mentioned above, the anomalous energy observed A r t i c l e i n P r o o f 195 anisotropy only. Note that by modeling the second azimuthal 196 harmonic (p periodic), the information about the possible dip 197 of the symmetry axis is lost. Assuming that the Q i (t) and T i (t) 198 components of the individual RF are obtained for discrete 199 values i of the back azimuth, we extract the second harmonics 200 QF(t, y) and TF(t, y) of the Fourier series at back azimuth y 201 by performing an azimuthally weighted summation:
202 with the weights model (see Figure 6 and the auxiliary material). 1 All the 252 issues mentioned above are used as hints by the seismologist 253 who runs the code to decide that no more layers are needed.
254
[12] For each trial model m, the synthetic Q and T com- . Assuming the crust and upper mantle 263 can be modeled using an hexagonal symmetry with horizontal 264 symmetry axis, the anisotropic stiffness tensor is fully 265 described by five elastic parameters C, A, L, N, F. Those 266 parameters can be related to the isotropic and anisotropic 267 components that describe the modeled medium using the 268 following relations: of these steps, a constant value is assigned to the temperature.
318
At each subsequent step, the assigned temperature value is 
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[16] The good similarity of the Q and T components after 363 azimuthal filtering is indicative of anisotropy (Figure 3) .
364
In addition, the anomalous transverse energy observed for a 365 large number of the SKS arrivals (Figure 4 ) of our data set is A r t i c l e i n P r o o f 366 also suggestive of the presence of anisotropy beneath all the 367 stations used in this study. 368 [17] After running the inversion trying different numbers of 369 layers, following the approach described in section 2, we find 370 that the fit to the data at stations ATD, MBAR and KMBO is 371 improved by using models with stratified anisotropy in the 372 crust and/or upper mantle. The final models we obtained 373 are described in Table 1 Table 1 ). Then fast becomes 396 ENE-WSW (layer A4, Table 1 ). The model for KMBO 397 requires three main anisotropic layers all located in the upper 398 mantle. The fast direction fast is oriented ENE-WSW from 399 45 to 75 km depth (layer K3), NNE-SSW from 75 to 100 km 400 (layer K4) and NNW-SSE from 100 to 155 km (layers K5 and 401 K6). For MBAR, the inversion produced two possible models 402 (see Table 1 and auxiliary material). In both cases, from 40 to 403 60 km (layer M2) and then from 85 to roughly 120 km (layer 404 M4), fast is NNE-SSW. Between those two layers, fast is 405 E-W. The differences between the two final models for MBAR 406 concern layers that are poorly resolved (M1 and M5-M6) and 407 thus will not be discussed. For BGCA, the only robust feature 408 (common to the four final models) is an anisotropic layer that 409 extends from the Moho discontinuity to a depth of approx-410 imatively 70 km (layer B2) and exhibits a roughly NE-SW fast 411 direction (see Table 1 and auxiliary material). is the azimuth of the fast axis of t1:30 propagation measured clockwise from north in degrees. For each t1:31 parameter of the final models, the uncertainty is indicated in parentheses. t1:32 For each station, we run the inversion using four different random starting t1:33 models. Q is the quality rank assigned to each layer as described in t1:34 section 3. Layers with uncertainties on fast larger than 35°are not consid- As discussed in section 2, structural complexities 483 common in real earth, chiefly lateral heterogeneities and 484 dipping velocity structures, may be present beneath our set 485 of stations and produce a signature in seismic signals that 486 could be wrongly interpreted as an evidence of anisotropy. In 487 the particular case of RF, as described before, extracting 488 the second azimuthal harmonic allows isolating the purely 489 anisotropic signature from that produced by small-scale 490 random heterogeneities and dipping structures. The large-491 scale heterogeneities close to our stations (i.e., the boundaries 492 of the EARS and that of the Tanzanian Craton) are far enough 493 not to strongly overlap with the narrow Fresnel zones of 494 the teleseismic body waves used in this study. Indeed, the 495 anisotropic pattern in the vicinity of stations KMBO and ATD 496 seems to be rather homogeneous, as indicated by the simi-497 larity of splitting observations between close stations around 498 KMBO east from the flank of the eastern branch of the EARS (Figure 10 ) induced by the local style of extension or by 524 foliation. Indeed, the direction of fast is close to the NE-SW 525 to NNE-SSW direction of tension inferred from earthquakes 526 source mechanisms [see Ayele et al., 2007, and references 527 therein] and also close to the trend of the lateral shear zone 528 along the western edge of the Ali Sabieh Block active since 529 middle Miocene. fast in layers A3 do not seem to correlate 530 with the trend of local MHCS and thus melt pockets SPO is 531 not likely to be the dominant source of anisotropy there. 532 Nevertheless, the presence of melt is highly probable in 533 this region, as evidence by volcanism, and the absence of 534 detectable anisotropy consistent with melt pockets SPO 535 suggests the melt pockets either exhibit a spherical shape or 536 are randomly oriented. Finally, we have to keep in mind that 537 the uncertainty on fast is substantial for layer A3 (32°). 538 [25] The depth at which fast rotates from NNE-SSW 539 (layers A3) to ENE-WSW (layer A4, 41-111 km) approx- sphere to maintain a frozen fabric.
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[28] The NNW-SSE fast axis of anisotropy in the astheno- Figure 10 . The red ellipses represent melt pockets that exhibit shape preferred orientation (SPO). Beneath MBAR, from the Moho discontinuity to the LAB, the source of anisotropy is fossil olivine LPO linked with the orogenesis of the Kibaran belt (M2), olivine LPO resulting from rift-normal extension (M3) and melt pocket SPO with preferential alignment close to the maximum horizontal compressive stress (M4). Beneath KMBO, the anisotropic source in the mantle lithosphere in K3 and K4 is the same as M3 and M4 beneath MBAR. In the asthenosphere, the anisotropic pattern in K5 results from flow around the lithospheric keel of the craton, induced either by the absolute motion of the African plate or by mantle upwelling locally guided by the topography of the base of the lithosphere. The LAB is shallower beneath KMBO than beneath MBAR, perhaps due to the warmer asthenosphere east from the Tanzanian Craton. deeply rooted low-velocity anomaly in the upper mantle beneath the
